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Abstract    Traditional antibiotics can block conserved bacterial signaling pathway or metabolic pathway, and 
therefore it is unable to distinguish bacteria. Long-termed usage will lead to dysbacteriosis and drug resistance. We 
need to fi nd a new antibacterial drug which can target pathogens and drug-resistant bacteria specifi cally. By reviewing 
current research progress, this paper mainly discussed the mechanisms of traditional antibiotics and bacterial drug-
resistance. We summarized a series of traditional and new antimicrobial therapies for solving bacterial drug-resistance, 
including the application of CRISPR-Cas9 system, a popular gene editing tool, as a gene-specifi c bactericidal drug.
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1    ??????????????
?????????????????????
???????????????????????
???????????????????????
?????14????????(Yersinia pestis)???
??????[1-2]????????????????
???????????????????????
???????????????????????
????????????????
1.1    ??????????
????????????????????
???????????????????β-??
??????????????????????
?DNA???????????????????
??????????????????????
???(?1)[3-5]?
1.2    ??????????
????????????????????
??????????????????????
??????????????????????
??????????????????????
????????????????[3]??????
??????????????????????
???????????????????3???
??????????????????????
?????????
????????????????????
??????????????????????
?DNA?????GyrA??84????(Ser)???
??????????(Trp)??????????
??DNA??????????????????
??[10-11]??????RNA????1:1?????
??????????????????????
?RNA???β???rpoB???????????
??????????RNA??????????
??16S rRNA????????????????
???????????????????[12-13]?
????????????????????
?????????????????????β-
????(β-lactamases)??????β-?????
?????????????β-????????
????????????????β-?????
(extended spectrum lactamases, ESBL)??????
??(carbapenemases)?????????????
?1    ????????????
Tab. 1    The types and target of traditional antibiotic
???? ???? ???? ????
 β-???? ?PBP??????
?????????
?????????
?????[6]
????????????
??
?????????????4???1??????(penicillins)?
?????(ampicillin)?????(amoxycillin)??2??????
?(cephalosporins)??????(cefalotin)?????(cefotaxi me)?
?3????????(monobatam)?????(aztreonam)??4
???????(carbapenems)??????(imipenem)?????
(ertapenem)?????(meropenem)
???? ?DNA???(DNA 
gyraes)??????
?(topoisomerase ?)
?????DNA??
???????DNA
??[7-8]
????????????
????????????
?????
??????????????4???1?????(nalidixic acid)
?????(oxolinic acid)??2???????????????
(norfloxacin)?????(ciprofloxacin)?????(ofloxacin)??4
??????(moxifloxacin)?????(gatifloxacin)??4????
??(trovafloxacin)
????? ?30S??????
????????[9]
???????????  ???(streptomycin)?????(gentamicin)?????(kanamycin)
?????(tobramycin)
??? ??????? ????????? ????(daptomycin)?????B(polymixin B)
??? ??RNA?? ????????????
????
????(rifamycins)????(rifampin)
????????????????    ????
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????[6]??????????????????
??????????????????3????
?????O-?????(APH)?O-??????
(ANT)?N-??????(AAC)?????????
?????????16S rRNA?????????
????????????????
?????????????????????
????????(efflux pump)?????????
??????????????(multidrug resistance)
??????????????????????
??????(porins)?????????????
???????????????????????
???????????????????????
??????????????????????
(E. coli)?OmpF?OmpC?????[14]??????
?(K. pneumoniae)?????OmpK35/36?????
???(Salmonlla typhimurium)?????OmpF??
??????????????????????
???????[15-17]??????????????
??????????????????????
??????????????????????
??????????????????????
?????????AcrAD(??RND????)??
TolC????????????????????
???????????????[18-19]?
?????????????(transformation)?
?????(transduction)?????(conjugation)?
??????????????????????
??????????????????????
??????????????????????
????????(methicillin-resistant Staphylococcus 
aureus, MRSA)?????????(vancomycin-
resistant enterococci)??????(vancomycin-
resistant, MRSA)????????????(Klebsiella 
pneumoniae carbapenemase, KPC)??????????
????????????
2    ?????????????????
????????????????????
??????????????????????
??????????????????????
???????????????? 
2.1    ??????—?????
????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????[20]????????????
???????????????????????
???????????????????????
???????[21]???????????????
?????????????100%???????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??β-????/β-?????????????/?
??????????3????????????
???????????[22]?
?????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????????????????
???????????????????????
???????????????????????
??????????????????????
?????CRISPR-Cas9???? 
2.2    ????????????
????????????????????
??????????????????????
?????????????????Stoothill[23]?
??????????????????????
??????????????????????
??????????????????????
?????100%???????????????
?[24]????????????????????
??????????????[25]???????
??????????????????????
??????????????????????
??????????????????????
?????????????????????
??????????????????????
???????
????????????????????
???????2017?5??42??5?
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??????????????????????
??????????????????????
??????????????????????
???????????[26]?Schuch?[27]????
??????????????C????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????[28-29]?
2.3    ?????
????????????????????
??????????????????????
???????????????TCA?????
??????????????????????
??????????????????????
???????[30]??(Ga2+)??????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
????[31-33]?????????????????
??????????????????????
??????????????
2.4    ?????
?????(photodynamic therapy, PDT)???
?????????????????????
?????????????????????
?????????????????????
?????????????????????
??????????(photo-dynamic antimicrobial 
chemotherapy, PACT)?????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
????[34]?????????????????
???????????????????PACT
??????????????????????
??????????????????????
??????????????????????
????????PACT????????????
??????????????[35]????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????????[36]???PACT??
??????????????????????
????????????[37]?????????
??????????????????????
??????????????????????
?????[38]????????????????
??????????????????????
????[39-40]?
2.5    CRISPR-Cas9??
CRISPR-Cas system(clustered regularly interspaced 
short pa lindromic repeats CRISPR-as sociated protein)
??????????????????????
??????????????????????
????????????????[41]?CRISPR?
???RNA?????????????????
????????????????20bp????
??PAM??????????????????
????????Cas9????????????
??????????????????????
??????????????????????
??????????????CRISPR-Cas9??
??????????????????????
?????????????????(E. coli)??
?????(Klebsiella pneumoniae)???????
???????[42-43]??????????????
????????CRISPR???????????
??????????????????????
???????????????????CRISPR
??????????????????????
???CRISPR????????????????
???????????(?1a)?????????
??????CRISPR?????????????
???????????(?1b)?????CRISPR
????????????????    ????
. 325 .
??????????????????????
??????????????????????
???????????????[45]??????
???????????CRISPR????????
??????????????????????
??????CRISPR-Cas???????????
??????????????????????
??????????????[49]???????
????????????????[50]?????
CRISPR???????????????????
????????CRISPR??????????
???????????20bp???? ???PAM
??????????CRISPR-Cas???????
??????????????????CRISPR?
??????sgRNA????????sgRNA??
??????????????????????
???????????[51]??????????
??CRISPR????????????????
??????????????????????
??????????????????????
????CRISPR???????????CRISPR
??????????????????????
CRISPR???????????????????
???????????????[52]?
3   ??
?????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????????????[53]????
??????????????????????
??CRISPR?????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????
???????2017?5??42??5?
?1    CRISPR??????????????????
Fig. 1    The mechanism of CRISPR system as 
sequence-specific antimicrobial
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?????????CRISPR??????????
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?[47-48]???????????????????
???Bikard?[47]?????????CRISPR??
??????????????????????
??????????????????????
??????????????????????
???????Citorik?[48]??????????
?????????????CRISPR?????
??????????????????????
CRISPR?????????????DNA???
SOS????????????????????
(the native plasmid)??????????????
???????????????????-??
???(toxin-antitoxin system TA systems)????
CRISPR???????????????????
?????????CRISPR??????????
?????????[48]?
???????CRISPR??????????
??????????????????????
?????????????????CRISPR??
???????????????2???????
???????????CRISPR????????
??????????????????????
????????????????????????
??????????????????????????
??????????????????????????
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